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(54) Boron addition for making potassium-doped tungsten

(57) A boron addition for making potassium-doped
tungsten powder is described herein. Boron is added to
a potassium-doped starting material, preferably in the
form of boric acid, and then the mixture is reduced to
form a potassium-doped tungsten powder. The boron

addition results in increased potassium incorporation in
the potassium-doped tungsten powder and also effects
an increase in potassium retention in sintered compacts
of the potassium-doped tungsten powder.
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Description

TECHNICAL FIELD

[0001] This invention relates to methods of making tungsten metal powders containing a potassium dopant. More
particularly, this invention relates to non-sag tungsten wire for incandescent lamp filaments.

BACKGROUND OF THE INVENTION

[0002] Tungsten wire used in the coiled filaments of incandescent lamps is subject to high mechanical loading and
stresses especially in lamps in which the filament operates at temperatures upwards of about 3000°C. Pure tungsten
wire is not suitable to make filaments for incandescent lamps because under typical operating conditions the individual
grains of the filament have a tendency to offset, or slide off (creep or sag) with respect to each other. This causes the
filament to sag and short out. A lamp made with pure tungsten filaments will, therefore, fail prematurely.
[0003] The beneficial effects of doping to improve the creep resistance of tungsten wire were recognized as early
as 1910. In particular, the creep resistance of tungsten wire is known to be improved by doping tungsten blue oxide
with potassium-containing compounds to make so-called non-sag (NS) tungsten wire. NS tungsten wire is unique in
that it is a microalloy of two very diverse metals, tungsten and potassium. Its creep resistance is due to a minute
concentration of potassium of about 75 ppm distributed in the tungsten wire as longitudinal rows of liquid and/or gaseous
bubbles. Silicon and aluminum are added with the potassium to serve exclusively as 'helpers' during the reduction and
sintering stages. After high-temperature sintering the concentration of Si and Al is reduced to less than 10 ppm each.
Neither Si nor Al is known to have any positive role in the final NS tungsten wire.
[0004] The long chain of processes in the standard powder metallurgical (P/M) manufacturing of potassium-doped
tungsten for incandescent lamps starts with the partial reduction of ammonium paratungstate tetrahydrate (APT),
(NH4)10[H2W12O42] · 4H2O, in hydrogen, hydrogen/nitrogen or an inert atmosphere, to produce a tungsten blue oxide
(TBO), xNH3·yH2O·WOn, where 0<x<0.2, 0<y<0.2, and 2.5<n<3.0. The TBO is then doped with aqueous solutions
containing potassium, silicon and aluminum to a total concentration of about 5000 ppm. The doped TBO is then reduced
with hydrogen to doped tungsten powder. The K, Al, Si-doped tungsten powder, in turn, is washed with hydrofluoric
acid, dried, pressed, sintered, rolled or swaged, and drawn. The drawing process can work down the NS tungsten wire
to diameters of about 15 µm for use in coiled filaments. The multi-step process finally leads to the outstanding high-
temperature creep resistance of NS tungsten wire.
[0005] The production of K, Al, Si-doped tungsten powder according to older prior art methods tends to be very
inefficient because of the number of steps involved. These processes further produce a contaminated acid waste which
must be properly disposed of.
More recent methods have made the production of non-sag tungsten wire more efficient by using fewer processing
steps and reducing acid waste. For example, U.S. Patent No. 5,785,731 to Fait et al., which is incorporated herein by
reference, discloses a method of making potassium-doped tungsten powder in a one-step reduction of mixed crystals
of ammonium potassium paratungstate (AKPT), (NH4)10-xKx[H2W12O42]·4H2O (x=0.04-0.4). This method works without
doping with Al or Si, and without acid washing.
However, two problems remain. First, it is difficult to realize potassium contents higher than 80 ppm and achieve den-
sities of at least 17.2 g/cm3 in sintered tungsten ingots. And second, the method does not prevent or at least remarkably
diminish the loss of potassium during reduction of the AKPT.
[0006] Another recent method is described in U.S. 6,165,412 to Lunk et al., which is incorporated herein by reference.
In that method, a thermally unstable potassium-containing salt or a potassium tungstate is combined with ammonium
paratungstate or ammonium metatungstate and then reduced in a single step to form a potassium-doped tungsten
powder. Although the single-step reduction offers several advantages, a significant amount of potassium is still lost
during reduction.

SUMMARY OF THE INVENTION

[0007] It is an object of the invention to obviate the disadvantages of the prior art.
[0008] It is another object of the invention to provide a method for increasing potassium incorporation in a potassium-
doped tungsten powder.
[0009] In accordance with an object of the invention, there is provided a method for making a potassium-doped
tungsten powder comprising forming a mixture of a tungsten-containing compound, a potassium dopant, and a boron-
containing compound; and reducing the mixture to form a potassium-doped tungsten powder.
[0010] In another aspect of the invention, there is provided a method for making a potassium-doped tungsten powder
comprising forming a mixture of boric acid and ammonium potassium paratungstate, the mixture having a molar ratio
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of boron to potassium from about 0.6:1 to about 3:1; and reducing the mixture to form a potassium-doped tungsten
powder.
[0011] In yet another aspect of the invention, there is provided a method for making a potassium-doped tungsten
powder comprising forming a mixture of boric acid, a potassium dopant, and a tungsten-containing compound, the
potassium dopant being selected from a thermally unstable potassium-containing salt or a potassium tungstate, the
tungsten-containing compound being selected from ammonium paratungstate, ammonium metatungstate, or a tung-
sten oxide, the mixture having a molar ratio of boron to potassium from about 0.6:1 to about 3:1. The mixture is then
reduced to form a potassium-doped tungsten powder.

BRIEF DESCRIPTION OF THE DRAWING

[0012] The figure shows the relationship between the hold temperature and the hold time on the potassium incor-
poration in an HF-washed, potassium-doped tungsten powder made by the method of this invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] For a better understanding of the present invention, together with other and further objects, advantages and
capabilities thereof, reference is made to the following disclosure and appended claims taken in conjunction with the
above-described drawing.
[0014] The addition of a boron-containing compound, preferably boric acid (B(OH)3), during the initial steps of making
a potassium-doped tungsten powder has been found to decrease the evaporation of potassium during the reduction
of the potassium-containing starting material. In particular, the potassium loss from the potassium-containing starting
material may be reduced from about 80% without the boron addition to only about 10% when boron is added. It is
believed that the formation of nonvolatile potassium borates such as K2B2O4, K2B4O7 and KB5O8 during the reduction
step contributes significantly to the decrease in potassium loss. Additionally, the amount of potassium retained after
sintering compacts of the potassium-doped powder made with boron addition may be more than twice the amount of
potassium retained in sintered compacts made without boron.
[0015] The boron addition may be accomplished by wet or dry doping a potassium-containing starting material. The
potassium-containing starting material is comprised of a potassium dopant and a tungsten-containing compound which
is capable of being reduced to tungsten metal. The potassium dopant may be contained within the tungsten-containing
compound such as in the case of ammonium potassium paratungstate (AKPT), (NH4)10-xKx[H2W12O42]·4H2O
(x=0.04-0.4), or partially reduced AKPT (potassium-doped TBO(K)), or the potassium dopant may be combined sep-
arately with a tungsten-containing compound. In the latter case, the preferred tungsten-containing compounds are
ammonium paratungstate (APT), (NH4)10[H2W12O42] · 4H2O, ammonium metatungstate (AMT), (NH4)6[H2W12O40] ·
,5H2O, and tungsten oxides such as TBO. The potassium dopant preferably comprises potassium nitrate, KNO3, or
potassium nitrite, KNO2. Other useful potassium dopants may include other thermally unstable potassium-containing
salts such as potassium carbonate, K2CO3, and potassium hydrogen carbonate, KHCO3, or any one of a number of
different potassium tungstates, K2WnO3n+1 (n=1 to 8). As with the method of boron addition, the method of potassium
doping may be accomplished by conventional wet or dry doping methods. Preferably, the concentration of the potassium
dopant in the mixture is from about 500 ppm to about 2000 ppm based on the amount of tungsten. The order of
combining the starting materials does not appear to be critical.
[0016] Preferred methods for boron addition with boric acid include the dry doping of AKPT, the dry or wet doping of
potassium-doped TBO(K), and the dry doping of APT/KNO3. Preferably, the reduction temperature and hold times
range from about 500°C to about 600°C for about 5 hours to about 10 hours. More preferably, the reduction temperature
is about 550°C. A final temperature hold for about 1 hour is conducted at about 900°C. The higher temperature is used
to complete the reduction to metal powder. A temperature lower than 900°C is possible but the reduction time will be
increased. For example, a reduction at 650°C under similar conditions requires about 15 hours. Therefore, preferably,
the final temperature hold may range from about 650°C to about 900°C and the final hold time may range from about
1 hour to about 15 hours.
[0017] In addition to the increased potassium incorporation during reduction, the method of this invention enables
the production of sintered tungsten compacts with potassium contents up to 135 ppm and densities in the range of
16.5 to 18.1 g/cm3. The amount of potassium retained after sintering is about the same whether doped tungsten powder
is sintered as-reduced or is water or acid washed prior to sintering. Preferably, the boron content of the boron-doped
starting material is from about 500 ppm to about 6500 ppm based on the tungsten content. The residual boron content
of the sintered compact generally is less than 15 ppm. A preferred range for the molar ratio of boron to potassium in
the boron-doped starting material is about 0.6:1 to about 3:1. An amount of 120 ppm K in the sintered compact is
reached with a molar ratio of boron to potassium of 0.6:1. An amount of 135 ppm K in the sintered compact is reached
with a corresponding molar ratio of 3:1.
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[0018] The following non-limiting examples are illustrative of the method of this invention.

Example 1 - Dry Doping of AKPT With Boric Acid

[0019] Table 1 compares the effect of the boron addition on the potassium retention of AKPT containing 800 ppm K
based on the tungsten content. All four samples were reduced in a tube furnace under the same conditions in dry
hydrogen - a heating rate of 6K/min, a 5-hour hold at 550°C, and a final 1-hour hold at 900°C. Sintered compacts were
made from as-reduced, water-washed, and HF-washed powder. The HF-washed powder was made by washing the
as-reduced powder first with water, then with hydrofluoric acid and finally thoroughly with water. The 9-gram sintered
compacts were formed by mechanical pressing and indirect sintering in 20-cfh dry hydrogen at 1800°C for 6 hours
using a temperature ramp of 20K/min. The analysis of the resulting powders and compacts is presented in Table 1.

These results show that the potassium levels of the tungsten powders made from the boron-doped starting material
are significantly higher than the tungsten powder made without the boron addition. The potassium incorporation rates
of the potassium-doped tungsten powders relative to the starting materials is given in Table 2. The potassium content
of the sintered compacts made with the boron addition is from about 1.5 to about 2.1 times greater than the compacts
made without the boron addition. The potassium retention rates of the sintered compacts relative to the powders from
which they were made are given in Table 3. The observed potassium retention rates of about 70% in the sintered
compacts is in the same range as for conventional K, Al, Si-doped tungsten powders. However, as described above,
the potassium contents of the compacts made by the method of this invention are much higher than the compact made
without the boron addition.

Table 2

Starting Sample Potassium Incorporation After Reduction

300 g AKPT
(800 ppm K)

+
B(OH)3 (mg)

Molar
Ratio
(B:K)

Unwashed
Powder

Water-washed
Powder

HF-washed
Powder

0 0 21% 12% ---
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Example 2- Dry Doping of TBO With Potassium Nitrate and Boric Acid

A) TBO(Type 1) Composition , WO2.8

[0020] A 1-kg amount of tungsten powder doped with potassium and boron was made by reducing 267-g portions
of TBO(Type 1)/KNO3/B(OH)3 blends (1500 ppm K and 1245 ppm B (based on W), molar ratio of boron to potassium
3:1). The starting material was reduced in dry hydrogen using a temperature ramp of 6K/min, a 10-hour hold at 550°C,
and a final 1-hour hold at 900°C. The combined, homogenized and water-washed tungsten powders contained 179
ppm K and 77 ppm B. The fine powder had an FSSS particle size of 1.5 µm.
[0021] Two isostatically pressed billets, 250 g (47 ksi, ,1" dia., 1θ" long) and 500 g (48 ksi, ,1" dia., 3υ" long),
respectively, were placed uprightly on one end in a molybdenum-lined molybdenum boat and indirectly sintered in
20-cfh dry hydrogen at 1800°C for 6 hours. An ink absorption test revealed a sealed surface for both sintered billets.
The analysis of the sintered billets is given in Table 4.

Table 2 (continued)

Starting Sample Potassium Incorporation After Reduction

300 g AKPT
(800 ppm K)

+
B(OH)3(mg)

Molar
Ratio
(B:K)

Unwashed
Powder

Water-washed
Powder

HF-washed
Powder

750 0.6:1 35% 21% 19%

3700 3.0:1 87% 23% 24%

6200 5.0:1 100% 17% 17%
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B) TBO(Type 2) Composition ,WO2.95

[0022] The reduction of dry blends of TBO(Type 2)/KNO3/B(OH)3 (1500 ppm K and 1245 ppm B (based on W), molar
ratio of boron to potassium of 3:1) in dry hydrogen led to higher potassium incorporation rates than the use of TBO
(Type 1). The figure shows the relationship between the hold temperature and the hold time on potassium retention in
the HF-washed, potassium-doped tungsten powder. A 5-hour hold at 550°C gave a high potassium content of 174 ppm
in the HF-washed powder. A 10-hour hold at 550°C resulted in a very high value of 213 ppm K.

Example 3 - Wet Doping of TBO with Potassium Nitrate and Boric Acid

[0023] A 15-kg quantity of TBO (Type 1) was doped in a laboratory V-blender using a two-step doping procedure. A
solution of 46.8 g of KNO3 in 300 ml of water was added first followed by a solution of 85.8 g of B(OH)3 in 700 ml of
water. The second solution was heated to about 70°C because of the relatively low solubility of B(OH)3 in water at
room temperature. Both solution quantities were added in small portions followed by mixing. This was repeated until
the entire solution volume was added. The doped material was dried in an oven at about 80°C, sifted through 100
mesh (1.5% residue) and homogenized in a V-blender. The resulting doped TBO powder contained 1500 ppm K and
1244 ppm B (based on W). The molar ratio of boron to potassium was 3:1. The powder was reduced in dry hydrogen.
An amount of the as-reduced powder was washed with 6% HF. An analysis of the powder is given in Table 5.

[0024] While there has been shown and described what are at the present considered the preferred embodiments
of the invention, it will be obvious to those skilled in the art that various changes and modifications may be made therein
without departing from the scope of the invention as defined by the appended claims.

Claims

1. A method for making a potassium-doped tungsten powder comprising:

forming a mixture of a tungsten-containing compound, a potassium dopant, and a boron-containing compound;
and
reducing the mixture to form a potassium-doped tungsten powder.

2. The method of claim 1 wherein the potassium dopant is contained within the tungsten-containing compound.

Table 4

Billet Sintering regime Density
(g/cm3)

K
(ppm)

K Retention
Rate

B
(ppm)

250 g Ramp: 50 K/min to 1200°C,
30 K/min to 1500°C,
20 K/min to 1800°C,

(6-hour hold at 1800°C)

17.87 74 41% 7

500 g Ramp: 20 K/min to 1800°C
(6-hour hold at 1800°C)

17.27 94 53% 10

Table 5

Reduction regime As-reduced
powder

HF-washed
powder

K
(ppm)

B
(ppm)

K
(ppm)

B
(ppm)

Straight 6K/min;
1-hour hold 900°C

905 672 61 29

Ramp at 6K/min;
2-hour hold at 550°C;
1-hour hold at 900°C

1195 865 169 71
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3. The method of claim 2 wherein the tungsten-containing compound is ammonium potassium paratungstate or par-
tially reduced ammonium potassium paratungstate.

4. The method of claim 1 wherein the tungsten compound is selected from ammonium paratungstate, ammonium
metatungstate, or a tungsten oxide and the potassium dopant is a thermally unstable potassium-containing salt
or a potassium tungstate.

5. The method of claim 4 wherein the potassium dopant is potassium nitrate.

6. The method of claim 1 wherein the boron-containing compound is boric acid.

7. The method of claim 6 wherein the mixture is reduced at a temperature from about 500°C to about 600°C.

8. The method of claim 7 wherein the mixture is further reduced at a second temperature of about 900°C.

9. The method of claim 6 wherein the mixture is reduced at a first temperature from about 500°C to about 600°C for
about 5 hours to about 10 hours and a second temperature from about 650°C to about 900°C for about 1 hour to
about 15 hours.

10. The method of claim 6 wherein the tungsten-containing compound is ammonium potassium paratungstate.

11. The method of claim 6 wherein the tungsten-containing compound is ammonium paratungstate, ammonium meta-
tungstate, or a tungsten oxide and the potassium dopant is a thermally unstable potassium-containing salt or a
potassium tungstate.

12. The method of claim 11 wherein the potassium dopant is potassium nitrate.

13. The method of claim 12 wherein the mixture is reduced at about 550°C.

14. The method of claim 10 wherein the mixture is reduced at about 550°C.

15. The method of claim 1 wherein the molar ratio of boron to potassium is from about 0.6:1 to about 3:1.

16. The method of claim 1 wherein the concentration of the potassium dopant in the mixture is from about 500 ppm
to about 2000 ppm based on the amount of tungsten.

17. The method of claim 6 wherein the boric acid is added in an aqueous solution.

18. The method of claim 1 wherein the boron content of the mixture is from about 500 ppm to about 6500 ppm based
on the amount of tungsten.

19. A method for making a potassium-doped tungsten powder comprising:

forming a mixture of boric acid and ammonium potassium paratungstate, the mixture having a molar ratio of
boron to potassium from about 0.6:1 to about 3:1; and
reducing the mixture to form a potassium-doped tungsten powder.

20. The method of claim 19 wherein the mixture is reduced at a temperature from about 500°C to about 600°C.

21. The method of claim 20 wherein the mixture is reduced at a temperature of about 550°C.

22. The method of claim 20 wherein the mixture is further reduced at a temperature from about 650°C to about 900°C
for about 1 hour to about 15 hours.

23. The method of claim 20 wherein the mixture is reduced for about 5 hours to about 10 hours.

24. The method of claim 23 wherein the mixture is reduced at about 550°C.
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25. The method of claim 24 wherein the mixture is further reduced at about 900°C for about 1 hour.

26. A method for making a potassium-doped tungsten powder comprising:

forming a mixture of boric acid, a potassium dopant, and a tungsten-containing compound, the potassium
dopant being selected from a thermally unstable potassium-containing salt or a potassium tungstate, the tung-
sten-containing compound being selected from ammonium paratungstate, ammonium metatungstate, or a
tungsten oxide, the mixture having a molar ratio of boron to potassium from about 0.6:1 to about 3:1; and
reducing the mixture to form a potassium-doped tungsten powder.

27. The method of claim 26 wherein the mixture is reduced at a temperature from about 500°C to about 600°C.

28. The method of claim 27 wherein the mixture is reduced at a temperature of about 550°C.

29. The method of claim 27 wherein the mixture is further reduced at a temperature from about 650°C to about 900°C
for about 1 hour to about 15 hours.

30. The method of claim 27 wherein the mixture is reduced for about 5 hours to about 10 hours.

31. The method of claim 30 wherein the mixture is reduced at about 550°C.

32. The method of claim 31 wherein the mixture is further reduced at about 900°C for about 1 hour.
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